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suMMARY

r

An experimentalinvestigationofthepressuredistributionson a
hemisphericalnose3.98 inchesindiameter,mmntedona cylindrical
support,hasbeenmadeatMa~ n~bersof 2.05,2.54,and3.04 andfor
Reynoldsnumbersof 4.44 x 106,k.57 x 106,and4.16 x 106,respectively.
TheReynoldsnumberwasbasedonbodydiameterandfree-streamconditions.
Pressure-dragcoefficientswerecalculatedandgoodagreementwasobtained
betweenthesetestssndotherinvestigations.

INTRODUCTION

Fromthestandpointofminimumdrag,highfineness”ratiosandnearly
pointednosesaredesirableinthedesignof supersonicmissilesandair-
planes.However,itisnecessaryforsomesupersonicvehiclestohave“a
hemisphericalnosetohouseguidanceequipment.Sinceuseof thisnose
shapemayresultin severedragpenalties,-withcorrespondingreduction
inspeedandrange,theNationalAdvisoryCommitteeforAeronauticshas
madetestsinthepreflightjetandinfreeflightto determinethepres-
suredrag,pressuredistribution,andaerodynamicheatingofhemispher-
icalnosebodies.Thetestsweremadeat theIangleyPilotlessAircraft
ResearchStationatWallopsIsland,Va. Flighttests.to determinethe
dragof severalround-nosedbodiesat supersonicspeedshavebeenreported
inreference1. Thepresentpaperpresentsthedataobtainedfrompres-
suremeasurementsatMachnumbersof2.05,2.54,and3.04andforReynolds
numbersof 4.44 x 106,4.57 x 106,and4.16 x 3.06,respectively.The
Reynoldsnumberwasbasedonbodydiameterandfree-streamcondition.
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SYMBOIS

Machnumber

P - PO
—

pressurecoefficient,. Q
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body,lb/sqin.abs .-

pressure,lb/sqin.abs

staticpressureon

free-streamstatic

free-streamvelocity,ft/sec –

pressure-dragcoefficier+t

stagnationpress~e,lb/sqin.abs

free-streamdensity,slugs/cuf% ..
—

. .

Reynoldsnumber,basedonbodydianeter

coordinateinfree-streamdirection

radiusofhemispherical.nose
.—.—...- — —..

TEST EQUIPMENT
—

Thetestsweremadeinthe8-inchauxiliaryJetofthewefli~t
jetoftheLangleyPilotlessAircraftResearchStationatWailops-
Island,Va. Airfortheoperationof theprefldghtjetwasstored..in
twospheresat220poundspersquareinchabsolute.A h~draul.ically
controlledvalveregulatedthe airfromthesphere.The_airthenpassed
througha heatexchatigerwhereitwasheatedsufficientlytocompensate

—

fortheadiabatictemperaturedropthroughthesupersonicnozzle.The
airnextpassedthrougha three-dimensionalnozzleandexhaustedto the
atmosphere.DifferenttestMachnumberswereprovidedby interchange-
ablenozzles.A shadow~aphsystemwasprovidedforflowobservations.
Furtherinformationconcerningthepreflightjetcanbe foundin u“
reference2.
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Themodelwasa hemisphericalnose3.98

3

inchesindismeter,mounted
ona cytidricalsupport,alinedwiththecenterlineoftheje~. Four-
teenpressureorificeswerelocatedon thenoseandspiraledrearwsrd of
thestagnationpetitto0.6inchonthecylindricalportionof thebody.
Theratioofmodeldismeterto Jetdismeterwas0.498forthe M = 2.05
andM= 2.54 testsand0.532forthe M = 3.04test.Figure1 shows
thegeneralarrangementof thenosemountedinthe8-inchauxiliaryjet.

ThetestnosewasmadefromspunK-Monel0.05inchthick,witha
smoothandhighlypolishedsurface.

Measurementsofthefree-stresmtotalpressure,free-streamstagna-
tiontemperature,andpressuresonthebodywereo%tainedbya sti-cell
recordingmsmmeter,thermocouples,andelectricalpressurepickups,
respectively.Thesedatawererecordedbyusingtworecordinggalva- —

nometerssndoneopticalrecorder.Thethreerecordersweresynchronized
witha tdmerof10 cyclespersecond.Theinstrumentsusedwereaccurate
to 1 percentoftheirfullscale.

The orificesonthemodel
datapresentedweretakentien
steadycondition.

were0.04-imhinsidedismeter,andthe
thepressuresonthebodyhadreacheda

TESTCONDITIONS

4.44
TheReyuoldsnumbersfortheMachnunibers2.05,2.54,smd3.04were

x 106, 4.57 x 106, ad 4.16x 106, respectively.Therelatively
constantReynoldsnwnberofthetests&s dueto thevariationof static
pressureandtcanperature.Thetestat M = 2.05 wasfora sea-level
condition.Theconditionsforthetestsat M =2.54 and M= 3.04
representeda staticpressurecorrespondingto altitudesof 12,000and
28,000feet,respective~.

RESU22TS

ThetestresultsforMachnumibers2.05,2.54,snd3.04areshownin
figure2 plottedaspressurecoefficientasa functionofthenondtien-
sionalparsmeterx~r,where x isthedistanceW thestreamdirection
fromthestagnationpetiton,thenoseto themeasurementstationand r
istheradiusof thehemisphere.Figure2(a)showstheresultsfortwo
testsmadeat M = 2.05 andatapproximatelythessmefree-streamtotal
pressure.Thisfigureshowsthatthepressuremeasumnentscanbe
repeatedtitigoodaccuracyandthatno duplicationofthetestsisneeded.
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Figure3 showsa shadowgramtakenforeachtest.Shockseminating
9

fromtheedgeofthenozzleintersectthebowwaveand7influencethe
flowsomewhereonthebody. Iftheintersectionwasbetweenthestagna-
tionpointofthebodyandthesonicpointofthebody,thepressure

*

overtheentirenosewouldbe affected.ForeachMachnumbertestedthe
sonicpointwasestimated,and,ineachcase,thenozzleshockwasfound
to liewelloutsidethemibsonicregion.Forthe M = 2.0~ and
M= 2.54 tests,thedisturbancefromtheintersectiondoesnotaffect
theflowoverthehemisphere.Forthe M = 3.04 case,however,the
disturbmcefromintersectionwasstrongerandcauseda standingshock
tooccuronthehemisphereata valueof xjr ofapproximately0.71
(seefig.3(c)).Rearwardofthispetitthe.measuredpressureswere
affectedby thisdisturbancead no datawerepresentedfora valueof
x/r greaterthan0.66.

dragfor M = 3.04,the

figure3(c).

Figure4 showsthe
coefficientsplottedas

Forthepurposeof calculatingthepressure

datawereextrapolatedto,$ =.1.0,as shownh

fairedcurvesthroughthepointsofpressure
a functionof x/r for M = 2.05 ofthis

seriesoftests.Alsoshownaretheres~tsfromreferences3 and4
takenat M = 1.90 and M = 1.62 amdatReynoldsnmnbersofapproxi-
matelyO.~ x 106and0.811x 106,respectively.Thedatafromrefer-
ence3 wereobtainedwitha haisphericalnoseattachedtoa cylindrical
body,andthedataframreference4 werecalculatedfrominterfercuneter
observationsona sting-swpportedsphere. —

Thepressure-dragcoefficient,plottedas a functionofMachnunber
(fig.5), wascalculatedby integratingthepressures~romthepresent
testsandfromreferences3 and4. Pressure-dragcoefficientsobtatied
fromreference5 areshowninfigure5 forMachnumbersof 1.5, 1.98,
and3.02.Thedatafromthereferences3 to5 correlatewellwiththe
fairedcurvethroughthepointsCalculatedf%m

CONCLUDINGREMARKS

thesetests.

Pressuredistributionsweremeasuredona hemisphericalnose
3.98inchesindismeteratMachnumbersof2.05,2.54,and3.04andfor” —
Remoldsnumbersof4.44x 106,4.57x 106,and4.I-6x 106,respectively.
TheReynoldsnuuiberforthesetestswas based onbodydismeterandfree-
streamconditions.Thepressure-dragcoefficientsobtainedfromprevious

.
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investigationsareinagreementwiths,fairedcurvethrou@@e points
ofpressure-dragcoefficientcalculatedfromthesetests.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LsngleyField,Va.
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Figure 1.- Photogaph of model mounted in the 8-inch auxiliery jti.L-7~85
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(a) M = 2.05.

Figure2.- Pressure distribution on a hemispherical nose.
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(c) M = 3.04.

Figure2.- Concluded. a



(a) M=2.oIj.

Figure 3..ShadowgraUIforeachtest.
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(b) M = 2.74.

Figure 3.-Conttiued. L-74788 .1 b
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Figure 4.-Pressure dlstri,butionon a hemisphere for M . E’.O5 test

and references 3 and 4.
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